Plant growth promoting rhizobacteria (PGPR) 
INTRODUCTION
Soybean (Glycine max L.) requires high amounts of nitrogen and phosphorus due to its high yield potential. This crop species in comparison with cereals is more sensitive to drought and phosphorus (P) deficiency. Phosphorus deficiency is one of the major factors which are worldwide spread and severally affect growth and productivity of crops (Raghothama and Karthikeyan, 2005) . It was revealed that there is a linear relationship between the phosphate availability and soil moisture (Viets, 1972) . The use of biofertilizers is an alternative of chemical fertilizers to enhance nutrients availability for plants. One of the beneficial rhizobacteria effects is the improvement of P nutrition of crops (Bucher, 2007) . It was reported that bacteria of the genus Pseudomonas can mobilize P of the form that is not available through the mechanism of solubilization and increase the nutrient availability for plants (Richardson et al., 2001) . Besides their positive impact on crop nutrition, in the literature it is suggested that rhizobacteria could play a significant role in improving drought tolerance (Kumar et al., 2016) . It was established that co-inoculation with P-solubilizing bacteria and Rhizobium stimulated plant growth more than their separate inoculations (Morel et al., 2012) . Also, Bai et al. (2003) demonstrated that co-inoculation of Bacillus strains in soybean plants with Bradyrhizobium japonicum provided the increases in nodule number, nodule weight, shoot weight, root weight, total biomass, total nitrogen, and grain yield. Hence, combined use of N2-fixing and P solubilizing microorganisms is an effective biological option for providing balanced plant nutrition (Gupta et al., 1998; Martins et al., 2004) . In addition, Gull et al. (2004) reported that the co-application of phosphate solubilizing bacteria and Rhizobium isolates increased P absorption and promoted the growth of pea plants. In general, it has been concluded that inoculation with bacteria consortia yields better plant growth promotion as compared to individual inoculations because individual strains are supplementing each other with their beneficial effects (Singh et al., 2015) . However, the combined effects of Bradyrhizobium japonicum and Pseudomonas putida inoculation in conjunction with different types of fertilization on relative water content (RWC), nitrogen and phosphorus contents within soybean under drought are not investigated enough. Therefore, the present study was undertaken to evaluate the effects of seed pretreatment with B. japonicum alone or in combination with the soil application of Pseudomonas putida on nutrients contents of soybean plants in conjunction with mineral and organic fertilization under moderate drought conditions.
MATERIALS AND METHODS
In a controlled pot culture experiment, soybean (Glycine max L. cv. Horboveaca) plants were inoculated with B. japonicum (Rh) alone as reference treatment and another set of plants was inoculated with B. japonicum in combination with soil applied P. putida (PP). The soil used in this study was a carbonated chernoziom mixed with sand in order to create low P supply. These rhizobacteria treatments were tested in conjunction with plant fertilization: without P fertilization (P0), fertilized with 100 mg P/kg soil (P100) and the application of 20g bovine manure (M) per kg of soil. The pots were arranged in a factorial randomized block design with three factors (bacteria, fertilization and soil moisture levels) and four replications. In each pot, six healthy and uniform seeds of soybean were sown at a depth of 3 cm. After complete germination, the plants were thinned to two plants per pot. Two levels of soil moisture were installed: normal (70% WHC) and drought (35% WHC) imposed at flowering stage for 12 days. Relative water content in leaves was measured at the end of drought. After the harvest, roots, nodules and shoots were weighed separately to determine fresh weight, and then placed in an oven to dry at 60°C until a constant dry weight was obtained. The concentration of P was measured in samples of ground tissues following wet digestion with concentrated sulphuric acid and hydrogen peroxide using the phosphovanadomolybdate method (Mineev, 1989) . Total nitrogen percentage was measured by Kjeldahl standard procedure. Data is subjected to varying means of analysis and categorized using the "least significant difference" test in the Statistica 7 software.
RESULTS AND DISCUSSIONS
Nitrogen is a vital element for plants and soil microorganisms' growth and activity. The percentage of nitrogen in leaves changed in relation to biotic and abiotic factors imposed on soybean plants ( Figure 1A ,B,C). Experimental data has shown that the integrated application of rhizobacteria improved the nitrogen nutrition of plants subjected to moderate drought. Likewise, the bacterial influence was evidently under optimal soil moisture (70% WHC). The concentrations of nitrogen in leaves was in the range between 2,90% and 3,99% dry weight. The highest nitrogen content of 3,99% ( Figure 1A ) was recorded by co-inoculation of B. japonicum and P. putida under low P supply (P0, no fertilization) and optimal water irrigation of plants.
In this study their positive effect was also observed under moderate stress but at a lower level compared to well-watered plants.
Under P sufficiency (P100) the increases were observed in plants after the combined use of bacteria compared to the reference plants ( Figure 1B ). Under the manure fertilization of plants the combined effect of these biofertilizers was not pronounced as compared with the individual application of B. japonicum ( Figure 1C ). Chanway et al. (1989) reported that the interaction of plant growth promoting strains of Pseudomonas with Rhizobium strains increased N fixation and growth of lentil (Lens esculenta Moench) and pea (Pisum sativum L.) grown under field and laboratory conditions. Similar results were obtained under the application of N-fixing bacteria and G. mosseae where the nitrogen content increased in plants of Phaseolus vulgaris compared to the individual application of G. mosseae (Franzini et al., 2013) . We can make a conclusion that combined applications of both rhizobacteria species had better impact on nitrogen nutrition of plants compared with the inoculation with B. japonicum alone. One of the beneficial abilities of PGPR is to improve the availability of nutrients with low solubility. In this aspect, there is a body of information in the literature regarding the effects of rhizobacteria species on the phosphorus nutrition of plants (Rodriguez and Fraga, 1999; Dobbelaere et al., 2003) . The experimental results regarding P contents under rhizobacteria application are shown in Figure 2 for leaves and in Figure 3 for roots. In this experiment there were significant changes in phosphorus concentrations in relation to the application of rhizobacteria and soil moisture levels. Regarding phosphorus contents, significant differences between two rhizobacteria treatments were recorded under low P supply ( Figure 2A ). The highest phosphorus content in leaves (3,26 mg P/g) was observed in plants grown with inoculation with B. japonicum and use of P. putida in well-watered plants under P fertilization.
A We presume that the inoculation of B. japonicum together with application of P.
putida significantly increased phosphorus content in plants over the reference treatment probably due to the phosphorus solubilizing action of PSB and the phosphorus mobilizing effect of rhizobacteria which had an impact on the availability of phosphorus to the plants. By contrast, the lowest phosphorus percentage was obtained in plants under P insufficient supply (P0, without fertilization) and drought (3,06 mg/g). and Pseudomonas putida (PP) isolates on P content in roots under no fertilization (A), P fertilization (B) and manure application (C) and moderate drought. Columns are means ± SE.
P concentration increased in treatment with the application of both strains in conjunction with P fertilization irrespective of soil moisture conditions. Likewise, it was mentioned that coinoculation of plants Cicer arietinum with strains of Sinorhizobium ciceri in combination with Pseudomonas ssp. increased P uptake (Messele and Pant, 2012) . In the present study, bacterial application had a small effect on the P uptake of soybean when combined with manure fertilization of plants subjected to moderate drought ( Figure 2C ). Under organic fertilization the highest phosphorus concentration (3,73 mg/g) was observed in treatment with the combined application of two rhizobacteria. The lowest phosphorus percentage was obtained in reference plants. In respect of P concentrations in roots, the integrated application of these bacteria strains increased nutrient contents in soybean roots and this effect was evidenced in particular under drought conditions ( Figure 3A ,B,C). The combined use of both strains enhanced this parameter in root tissues by 19,6%; 3,1% and 6,3% respectively in treatments with nofertilization, P supplementation and manure fertilization. Probably, the phosphate's solubilization ability of P. putida, production of auxin, the fixation of nitrogen by B. japonicum enhanced nutrient uptake are responsible for better plant nutrition of soybean. Singh et al. (2015) also observed a significant increase in phosphorus content of plants with dual inoculation of B. japonicum and phosphorus solubilization bacteria. The results of a study by Khoshbakht et al. (2011) showed that P. putida increased phosphorus uptake in A. vera. Similarly Fallah and Shariati (2014) reported that the P. putida was the best treatment compared with the control treatment and had the highest effect on increasing concentrations of phosphorus, iron and zinc. Rodriguez and Fraga (1999) demonstrated an increase of phosphorus uptake by plants inoculated with phosphate-solubilizing microorganisms due to the production of carbon dioxide by the microorganisms, as well as the effect on increasing the absorption of phosphorus. We'd like to mention that the co-inoculation effect of Bradyrhizobium and P. putida enhanced nodulation and root growth compared to the reference treatment (data not shown). A significant correlation between P content and nodulation proves a synergistic effect between Bradyrhizobium and Pseudomonas on soybean growth and that this effect is dependent upon the kinds of fertilization (data not sown). The analysis of experimental results offers the possibility to make a preliminary conclusion that biofertilizers enhanced the nutrients concentration in soil and hence improved their uptake by plants. Probably, the co-inoculation increased the nitrogen and phosphorus levels in plants due to the increase in root hair density, more lateral roots, roots surface area/nodulation, thus more nitrogen assimilation and phosphate solubilization (Tilak et al., 2006) . The water status of plants was estimated by evaluation of relative water content (RWC) in leaves. It was observed that under low supply, leaf RWC decreased, however, this trait was higher in plants treated with these species of rhizobacteria irrespective of soil moisture level. There were no significant differences between the two rhizobacteria treatments in conjunction with P fertilization irrespective of irrigation regimes. However, the integrated application of both microorganisms under manure application conferred better water status to plants. In particular, their beneficial impact was better under normal soil moisture level. In this regard, the RWC in rhizobacteria treatments with manure fertilization increased from 76,8% to 81,8% under well watered regime (Table 1) . So, the study's findings demonstrate that the application of PGPR affects the plant capacity to explore soil moisture. On the other hand, combined administration of rhizobacteria increased soluble sugar accumulation under adverse soil conditions, potentially resulting in a decrease of osmotic potentials in host cells (data not shown). The results suggest that the combined use of PGPR and Bradyrhizobium protects soybean plants against drought through improving nutrition and water status. Thus, compared to the treated plants with B. japonicum alone, the combined application of both rhizobacteria species helps in better maintenance of plant water balance in soybean. We'd like to mention that the roots under organic fertilization were better developed and therefore they could explore more efficiently the nutrients and water reserves of soil. Similarly, Kang et al. (2014) (Bryla and Duniway, 1997) . Therefore, the combined application Rhizobium and Pseudomonas may improve the phosphorus nutrition and nodulation in soybean and hence the promotion of plant growth and tolerance to abiotic factors.
The application of PGPR under low P supply could be a feasible strategy in terms of sustaining agricultural production. A field evaluation is necessary to assess practical utility of these rhizobacteria strains on crops.
CONCLUSIONS
The results demonstrated that the co-inoculation of Bradyrhizobium japonicum with Pseudomonas putida is beneficial to soybean plants, mainly by improving nutrition and water status. Bacterial benefits on soybean phosphorus nutrition occurred mainly under P insufficiency and manure fertilization irrespective of soil moisture. The strong promotion of growth and nutrition of soybean plants due to the combined inoculation may serve as a new finding to improve crop productivity, particularly for low soil fertility and dry soils.
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